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Available online 25 July 2016Large tanged points are known from several Final Palaeolithic technocomplexes in Europe. In different regions,
they are knownbydifferent labels (e.g. Brommepoints, Lyngby points, and Teyjat points) and are often given cul-
turally and hence chronologically diagnostic status as important fossiles directeurs, especially in northern Europe.
The vast majority of these ﬁnds are from the surface or derive from less-than-secure contexts. Several recent pa-
pers have cast doubt on the validity of this artefact class as a taxonomically sensitive marker. Here, we further
investigate this issue using 2D geometricmorphometric techniques on a sample of published large tanged points
from several key sites in northern Europe. This analysis reveals a substantial amount of shape variation within
this artefact class and ﬁnds no support for distinctions between large tanged points derived fromdifferent cultur-
al and/or chronological contexts. Our analysis thus strongly supports the notion that large tanged points do not
function as useful culturally diagnostic marker artefacts. The earliest occurrences of Final Palaeolithic large
tanged points date to late GS-2 or GI-1e (~15,000–14,000 cal BP), alongside arch-backed points. Their presence
in later assemblages and technocomplexes such as the Brommean cannot therefore be considered as a derived
or diagnostic feature. We suggest that this artefact class should rather be linked to weapon systems function
(dart-points) different from the coeval arch-backed points (arrowheads) and that deﬁnitions of cultures based
on these should thus be taken up for critical revision.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
Large tanged points
Geometric morphometrics
Projectile points
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Final Palaeolithic1. Introduction
Lithic projectile points are popular objects of analysis in archaeology
as they reﬂect both adaptation (weapon systems and hunting strate-
gies; e.g. Hughes, 1998; Shott, 1997) as well as aspects of social identity
(e.g. Sinopoli, 1991; Wiessner, 1983). Traditionally, projectile point
morphology is often the subject of typological study and the resulting
types in turn commonly serve as a frame of reference for understanding
past cultural variation in space and time. In European Palaeolithic ar-
chaeology, strong national and regional research traditions exist,
which have generated a diverse and arguably rather unsystematic ter-
minology with at times overlapping deﬁnitions of different regional/
chronological types and a considerable degree of inter-analyst subjec-
tivity in assigning individual projectile points to these types (Houtsma
et al., 1996; Otte and Keeley, 1990). One troublesome result of such ter-
minological laxness is our limited ability to construct rigorous cross-re-
gional taxonomies and our concomitant inability to relate observed
morphological variability to underlying demographic and historical
processes., f.riede@cas.au.dk (F. Riede).
. This is an open access article underThis issue of typological uncertainty is particularly apparent in parts
of the Final Palaeolithic (15,000–12,700 cal BP – roughly the Bølling,
Allerød and very early Younger Dryas chronozones) of northern Europe
where ‘[t]here are several grand changes in lithic projectile points that
provide horizon markers for all of northwestern Europe’ (Price, 1991:
118) with a traditional occupation sequence of Hamburgian,
Federmessergruppen, Brommean and Ahrensburgian (Riede, 2014;
Terberger, 2006). The focus of this paper is on the Federmessergruppen
and the Brommean in this region (Table 1). In particular, large tanged
points (LTPs) have long played an important role as fossil directeur,
Leitfossil or cultural index fossil for the Brommean, dated to the very
endof the Allerød and earliest Younger Dryas (Eriksen, 2002). Occasion-
ally also known by its older (and long since obsolete) label ‘Lyngby cul-
ture’ (Brinch Petersen, 1970), this technocomplex is thought of as a
regional phenomenon autochthonous to southern Scandinavia. With
many ﬁnds traditionally associated with this technocomplex (see Buck
Pedersen, 2009), it is often considered the best understood of all the
Final Palaeolithic groups in the region (Eriksen, 1999). Indeed, some
workers ascribe great culture-historical importance to this
technocomplex and see it as the substrate for the development of sub-
sequent Terminal Palaeolithic and later entities (Kozłowski and
Kozłowski, 1977). However, owing to the general lack of organic preser-
vation and the paucity of radiocarbon dates associated with thethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Schematic overview over the key cultural taxonomic units addressed in the paper. ABPs = arch-back points; LTPs = large tanged points. X = common; x = uncommon;−= absent.
Taxonomic unit Lithic repertoire Economy Occurrence Dating
ABPs LTPs Tanged
scrapers
Thumbnail
scrapers
Burins Borers
Federmessergruppen X x x X X x Mixed woodland economy Widespread Early Allerød/GI-1c/b
Bromme – X x – X – Specialised large cervid
hunting?
Southern
Scandinavia only
Late Allerød/GI-1a, early Younger
Dryas/GS-1
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chaeological database.
The only material remains of the Bromme culture known to us are
lithic artefacts. Brommean lithic technology is often described as ‘waste-
ful’ (Fischer, 1991: 116), ‘simpliﬁed’ (Barton, 1992: 192) or ‘straightfor-
ward’ (Madsen, 1992: 128). The general approach was based on the
exploitation of generic single-platform prismatic cores, and very rarely
double-platform cores, in order to obtain thick blades or elongated
ﬂakes. The typological spectrum of lithic tools associated with the
Bromme culture is narrow, consisting merely of highly variable end-
scraper and burin forms, and large tanged points, with the latter being
considered the diagnostic element of Brommean lithic assemblages
(Fig. 1).
Due to their size and usually easily recognised retouch, Brommean
tanged points are relatively frequently retrieved in the course of ﬁeld
surveys, an observation that holds true for both the presumed core
area of the Bromme culture, where N80% of Brommean material is cat-
egorized as surface ﬁnds, as well as its suggested extended reach fromFig. 1. Large tanged points from the locus classicus Bromme, on the eastern Danish island
of Zealand. Note the shape variation even within this small sample.
Redrawn from Mathiassen's (1946) Fig. 6.the British Isles (Barton, 1992; Barton and Roberts, 2001; Jacobi, 1980)
and France in the west (de Sonneville-Bordes, 1969) to Poland,
Lithuania, Belarus, Russia, and the Ukraine in the east (Kobusiewicz,
2009a; Sinitsyna, 2002; Zaliznyak, 1999). The occurrence, albeit at
usually low frequencies, of LTPs throughout this vast territory has
been interpreted by many researchers as indicating either migrations
of Brommean hunters or as the outcome of intergroup exchange
(e.g. Breest and Gerken, 2008; Kozłowski, 2004; Rimantiene, 1971;
Zaliznyak, 1999). Some have proposed sub-divisions of the Bromme/
Lyngby culture (Kozłowski and Kozłowski, 1979) or have even put for-
ward new cultures (e.g. the Perstunian) similar to the Brommean, based
on large tanged points occurring outside the southern Scandinavian
core area (Szymczak, 1987).
The Bromme culture – or at least its research-historical predecessor,
the Lyngby culture –was deﬁned early on in the research history of the
northern European Final Palaeolithic, and its prehistoric reality is rarely
questioned. However, the troublesome fact that ‘Bromme points’, i.e.
large tanged points, are the sole indicator artefact associated with the
Bromme culture in its core area is potentially rather problematic as
these objects may be indistinguishable from similar artefacts found
within the Late Upper Magdalenian in France, the more northerly
Federmessergruppen/Penknife groups derived from it as well as in
later Ahrensburgian contexts (Riede, in press; Riede et al., 2011). Also,
in the eastern European Masovian/Swiderian technocomplex usually
dated to the Younger Dryas/early Holocene, larger sites (≥20 tanged
points) will usually contain LTP forms that can be classiﬁed as
Brommean (Sulgostowska, 1989a).
The deﬁnition of cultural groups based on LTPs as their diagnostic
marker artefact outside of the southern Scandinavian core area had al-
ready been criticized by Sulgostowska (1989b), and the argument has
recently been reiterated by Kobusiewicz (2009a, 2009b). This issue
may, however, be just as valid and pressing within the Brommean
core area, as the classiﬁcation and interpretation of many sites hinges
on the presence/absence of LTPs. These are traditionally linked to the
Brommean, but they clearly do occur regularly in especially earlier
Allerød-period Federmessergruppen contexts (Riede 2013, in press;
Riede et al., 2011). Still, some workers disagree, arguing instead that
the LTPs belonging to non-Brommean contexts can conﬁdently be dis-
tinguished from genuine Brommean points (Buck Pedersen, 2014,
2015).
In this paper we approach empirically the question of large tanged
point shape variability in the northern European Final Palaeolithic. We
subject this artefact class, for the ﬁrst time, to 2D geometric morpho-
metric analytical protocols in order to evaluate whether it is possible,
on shape alone, to discriminate between Brommean tanged points
and those occurring as minor components in Late Upper Magdalenian
and Federmessergruppen/Penknife group sites. Our hypothesis is this:
If the large tanged points of the Bromme culture functionwell as cultur-
ally diagnostic markers, we expect them to form coherent clusters that
follow geographic and/or chronological lines. In contrast, a lack of struc-
ture in these data would lead us to reject this hypothesis and question
the validity of this artefact class as a cultural taxonomic marker that
holds inherent and readily transferable chronological or speciﬁc
‘ethnogeographic’ (Eriksen, 2000: 147) value. The implication of the lat-
ter result would be that alternative explanations for the evidently geo-
graphically and chronologically widespread occurrence of these
152 K. Serwatka, F. Riede / Journal of Archaeological Science: Reports 9 (2016) 150–159projectiles tips would need to be found, and that cultural taxonomic
classiﬁcations based on this typewould need to be treatedwith caution.
2. Materials and methods
Many attempts have been made to capture the shape variability of
Final Palaeolithic points (e.g. Burdukiewicz and Schmider, 2000;
Fischer, 1985; Riede, 2011; Taute, 1968). All these suffer, however,
from being based on varying sets of qualitative and/or quantitative
traits. The resulting classiﬁcation schemes have also rarely been applied
to larger samples or comparatively. In addition, most measurement-
based traits used in these classiﬁcations are linear in nature and thus
only inadequately able to capture complex shapes (Shott and Trail,
2010). In this study we focus on the overall outline morphology of
Final Palaeolithic large tanged points using statistical shape analysis,
i.e. geometric morphometrics (e.g. Cardillo, 2010; Richtsmeier et al.,
2002). Such approaches are at presentwidely applied in case studies in-
volving Palaeolithic projectile point diversity and, by extension, cultural
taxonomy and evolution, albeit primarily in the Americas and Africa
(see the recent reviewby Lycett, 2015). Ourmethodology follows close-
ly that of Serwatka (2014).
For the purpose of our geometric morphometric analysis we used il-
lustrations of 114 complete large tanged points from sites belonging to
either the Bromme culture or Late Upper Magdalenian/
Federmessergruppen, but where the tanged points have been identiﬁed
as ‘Brommean’, as ‘large tanged points’with Brommean afﬁnity, or their
regional equivalent. As a control group we 18 Masovian/Swiderian wil-
low leaf points from the prominent and well-investigated site of Rydno
in Poland, dating to the late Younger Dryas (Schild et al., 2011).
The reason for choosing the Rydno material as a comparative stan-
dard is that the Masovian/Swiderian complex and the Bromme/Lyngby
culture are both parts of the wider Final Palaeolithic tanged point
technocomplex and these two cultural units are not distant chronolog-
ically. At the site Całowanie, nearWarsaw, the youngest known occupa-
tion level with large tanged points is dated to 11,190 ± 65 BP and the
oldest Masovian/Swiderian assemblage appears at 10,455 ± 90 BP
(Schild et al., 1999). However, Masovian/Swiderian willow leaf points
differ technologically and morphologically from Bromme points. The
main difference is that Masovian/Swiderian points were frequently
made out of slender blades, and they do not possess distinctive tangs.
Instead, their proximal parts were mostly shaped into short stems
with unifacial ﬂat retouch on the ventral side. Despite these evident dif-
ferences, it is interesting to note that at large Masovian/Swiderian sites
containing N20 points, artefacts classiﬁed as Bromme/Lyngby points al-
ways do appear (Sulgostowska, 1989a). This occurrence pattern at
Masovian/Swiderian sites has previously led some researchers to the
conclusion that the entire Masovian/Swiderian complex derives from
the Bromme culture (Kozłowski and Kozłowski, 1977). Comparing
Bromme/Lyngby points with theMasovian/Swiderian sample will addi-
tionally indicate whether there are any similarities between them in
terms of shape, which in turn could indicate cultural relations. The
other reason is to include a contrasting cultural taxonomic group that
might show a different pattern of morphological variability.
Table 2 lists all the LTP specimens used in this study, their associated
dates (if available) and references to all the source publications. Fig. 2
places these samples on a map. Our overall sample size is limited,
owing to the coupled data requirements of specimen completeness
and associated dating of their contexts. As relatively few sites satisfy
these requirements, we also include a series of additional undated
sites that have featured prominently in the recent debate on thismatter.
Our sample includes specimens from the locus classicus, Bromme (cf.
Fig. 1). We also include specimens from other Danish sites classiﬁed as
‘Brommean’. In addition, we also include materials from Dohnsen
(n= 12) and Sassenholz (n= 17), undated open-air sites in Germany
that contain relatively large numbers of LTPs in addition to slender
arch-backed variants (Breest, 1999; Breest and Gerken, 2008; Breest etal., 1999). Furthermore, LTPs from the sites of Borneck-Mitte (n = 3)
and Rissen (n= 1) are included. These latter locales have yielded only
very few LTPs, but they are each associatedwith radiocarbon dates plac-
ing them into the early andmiddle parts of the Allerød respectively. Im-
portantly, these sites are located along the River Elbe, i.e. just outside of
the core area of the Bromme culture, and the excavators have assigned
them unequivocally to the Federmessergruppen. From France, we in-
clude specimens labelled as Teyjat points. From Poland and thewestern
parts of Russia and Ukraine, we include specimens that derive from un-
certain or mixed contexts, but which are assigned to Final Palaeolithic
Bromme-like cultures in the literature (i.e. the Baltic Magdalenian,
Vistulian, North Ukrianian, Grenskala, Vyshegorksala and Podolskala
groups – see Sinitsyna, 2002). As our aim is to look for potential spatial
and chronological structure in our sample we group specimens into
Western, Central and Eastern European regions. Potential drawing inac-
curacies and mistakes aside, illustrations provide accurate data on the
overall morphology of tanged points, and they can be digitized with
ease (McPherron and Dibble, 1999).
2.1. Digitization and landmark placement
Initially, each artefact drawing was scanned or extracted as a single
image ﬁle (jpg format) and oriented according to its axis of maximal
symmetry using the GIMP image-editing program (www.gimp.org).
The method of orientation applied here was developed by Costa
(2010) in his investigation of Lower Palaeolithic hand-axes from Italy:
All the artefacts are oriented around their long axis of symmetry, so
that the longest orthogonal lines drawn from a central line were equal
in length. Once oriented in this manner, an outline of each object was
drawn following their perimeter, beginning from the tip. This outline
was then transformed into a set of equidistant semilandmarks (Fig. 2).
A thin-plate spline ﬁle was created in the TpSutility program on the
basis of each object's outline. This program stores all the images in one
tps format ﬁle and allows further digitization and manipulation of the
images. The tps ﬁle with all the images was then opened in TpSDig, a
program used mainly for placing landmarks or semilandmarks on spec-
imens. Both programs are available freely from http://life.bio.sunysb.
edu/ee/rohlf/software.html. In the present case, the best way to capture
the overall outline shape of tanged points is to set a number of
semilandmarks around the perimeter of an artefact bymapping its con-
tour. To allow further comparison between shapes, these
semilandmarks must correspond to each other, i.e. they need to be
placed at equal distances from each other and according to a standard-
ized conﬁguration. Using the TpsDig outline tool it is possible to drawan
outline from the tip, along the perimeter of an artefact, and then trans-
form it into a set of equidistant semilandmarks (Costa, 2010; Serwatka,
2014). Here, 40 semilandmarks were chosen, as they describe the over-
all outline shape of large tanged points with sufﬁcient accuracy. Choos-
ing a greater number of landmarks would likely produce high and, to a
large extent, artiﬁcial variation due to the variable and idiosyncratic na-
ture of these projectile points (see Dev and Riede, 2012). After assigning
the semilandmarks for each specimen, the tps data ﬁle was openedwith
PAST (Palaeontological Statistics), a freeware program allowing, among
other things, statistical shape analyses (Hammer and Harper, 2006;
Hammer et al., 2001).
To eliminate the changes in landmarks position resulting from geo-
metrical displacements, a Procrustes analysis was conducted
(Richtsmeier et al., 2002). Procrustes analysis consists of a set of math-
ematical operations that transform the matrix of XY coordinates so
that translation, rotation, and the difference of scale are eliminated
from the assemblage (Rohlf and Slice, 1990). All outlines can then be
superimposed around a centroid, which corresponds to the 0.0 coordi-
nates on the XY axis. This operation subtracts the mean or consensus
shape from all the coordinate values, allowing for further tracking of
shape deformations of specimens in relation to that consensus shape
(Jungers et al., 1995).
Table 2
List of specimens used in this study, their regional division and dating. Specimen numbers refer to Fig. 2, labels and signatures refer to Figs. 4 and 5.
# in
Fig. 2
Site Site
label
Signature Country n Culture/region Chronozone date Absolute dates (uncalibrated BP) References
1 Bromme Br Filled
square
DK 11 Bromme/S
Scandinavia
Late Allerød AAR-4539: 10,720 ± 90 Mathiassen (1946)
2 Trollesgave Tr Filled
square
DK 3 Bromme/S
Scandinavia
Late Allerød K-2641: 11,070 ± 120; AAR-16,019: 10,826
± 49
Fischer et al. (2013)
3 Fensmark Fe Filled
square
DK 2 Bromme/S
Scandinavia
Late Allerød OxA-3614: 10,820 ± 120 Fischer (2013)
4 Sassenholz Sa Plus GER 17 FMG Central
Europe
Breest and Gerken (2008)
5 Dohnsen Do Plus GER 12 FMG Central
Europe
Breest et al. (1999)
6 Borneck-Mitte BM Plus GER 3 FMG Central
Europe
Early Allerød KIA-33,949: 11,940 ± 50; KIA-33,950:
11,770 ± 55
Rust (1958)
7 Grande 1 G1 Plus GER 2 FMG Central
Europe
Schwabedissen (1954)
8 Rissen 14 Ri Plus GER 1 FMG Central
Europe
Middle Allerød H-75/68: 11,450 ± 180 Schwabedissen (1954)
9 Häcklingen Ha Plus GER 1 FMG Central
Europe
Richter (2002)
10 Bärenkeller Ba Plus GER 1 FMG Central
Europe
Late Allerød B 980: 11,190 ± 180 Feustel et al. (1971)
11 Pis-de-la-Vache PV Diamond FRA 5 FMGWestern
Europe
de Sonneville-Bordes
(1969)
12 Roc des
Abeilles
RA Diamond FRA 3 FMGWestern
Europe
Champagne and Espitalié
(1970)
13 Abri de
Fontalès
AF Diamond FRA 2 FMGWestern
Europe
Darasse and Guffroy (1960)
14 Bois-Ragot
level 5b
BR Diamond FRA 11 FMGWestern
Europe
Oldest Dryas/Bølling OxA-10,263: 12,650 ± 65; OxA-10,331:
12,685 ± 70; OxA-12,079: 12,560 ± 50
Célérier et al. (1997);
Chollet and Dujardin
(2005)
15 Grotte de la
Bonne-Femme
GBF Diamond FRA 1 FMGWestern
Europe
Combier and Desbrosse
(1964)
16 Grotte du
Morin
GM Diamond FRA 1 FMGWestern
Europe
de Sonneville-Bordes
(1969)
17 Laugerie-Basse LB Diamond FRA 1 FMGWestern
Europe
Bølling/Allerød – see
Langlais et al. (2012)
de Sonneville-Bordes
(1969)
18 Hengistbury
Head
HH Diamond UK 2 FMGWestern
Europe
Bølling/Allerød OxTL 707a: 12,500 ± 1150 Mace (1959); Barton
(1992)
19 Wolkusz V W5 Square POL 4 LTP Eastern
Europe
Szymczak (1995)
20 Wolkusz III W3 Square POL 2 LTP Eastern
Europe
Szymczak (1995)
21 Zusno Zu Square POL 1 LTP Eastern
Europe
Sulgostowska (1989a)
22 Berezno Be Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
23 Pribor Pr Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
24 Balachovicky Ba Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
25 Horymovka Ho Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
26 Rudnya Ru Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
27 Lyutka Ly Square RUS 1 LTP Eastern
Europe
Zaliznyak (1999)
28 Podol III P3 Square UKR 4 LTP Eastern
Europe
Sinitsyna (1999)
29 Rydno Ry Triangle POL 18 STP control
group
Younger Dryas/early
Holocene
Gd-710: 10,360 ± 320 Schild et al. (2011)
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In geometric morphometrics, principal component analysis (PCA) is
a frequently used tool for shape visualisation and analysis (e.g. Webster
and Sheets, 2010; Zelditch et al., 2004). PCA transforms the matrix of
landmarks so that a maximum amount of variation is described by
new hypothetical variables, the so-called principal components (PCs),
which form the new X- and Y-axes on the PCA plot (Shennan, 1988).
Agnostic of a priori classiﬁcations, PCA then plots all specimens on
these newly generated axes. The number of generated PCs in thisstudy is 80. Together the ﬁrst three PCs explain ~75% of the total vari-
ance, and it is these we focus on here (Fig. 3). Fig. 4 shows the scatter
of all specimens on PC1 and PC2. PC1 covers shape differences from
thin, elongated points made on slender blades towards very broad and
thick points with a pronounced tang. The willow leaf-shaped
Masovian/Swiderian specimens form Rydno cluster tightly at the
right-hand end of PC1. PC2 covers symmetry and blade/tang relations,
where points with a relatively large tang and smaller blade scatter in
the lower quadrants and slightly bevelled points with poorly pro-
nounced tangs in the upper quadrants. All assemblages and regional
Fig. 2. A map of Europe showing the location of sites used in this study. For site names and regional allocation see Table 2.
154 K. Serwatka, F. Riede / Journal of Archaeological Science: Reports 9 (2016) 150–159sub-samples are represented in at least three of the four quadrants of
the PC plot. The same lack of structure is observable in the combinations
of PC1/PC3 and PC2/PC3 shown in Fig. 5A/B.
2.3. Multivariate analysis of variance/canonical variate analysis
To further assess the variation between regional groups a multivar-
iate analysis of variance (MANOVA) and canonical variate analysis
(CVA) were performed. MANOVA is a test of multivariate equality of
means (in this case outline shape centroids) of several multivariateFig. 3.Workﬂow from digitized image (i) to aligned image (ii)samples, which determines whether the groupings predicted a priori
by the analyst differ in a statistically signiﬁcant way. PAST offers a con-
joinedmodule, whereMANOVA is used to test for the equality of multi-
variate means between groups, while CVA is a discriminant option that
produces a scatter plot of specimens along the ﬁrst two canonical axes
(i.e. those producing maximal and second-to-maximal separation be-
tween all groups – see Hammer and Harper, 2006). The performance
of a CVA is evaluated by its ability to properly allocate specimens by
measuring their distance to the group means (Sheets et al., 2006). In
this study MANOVA/CVA was performed on the principal componentto semilandmark placement (iii), following Costa (2010).
Fig. 4.A scree plot showing the % variance explained by theﬁrst ten principal components.
Note the inﬂection point of explanatory value at principal component 2.
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there are no signiﬁcant differences in the outline shape of the large
tanged points from the included sites.
MANOVA did ﬁnd a signiﬁcant overall difference between the pre-
dicted groups of points (Wilk's lambda = 0.0005852; F = 2.411; p =
0.00000001065), in part clearly driven by the clear discrimination of
Masovian/Swiderian points from the remaining sub-samples. Particular
regional differences within the latter are not well illustrated by a CVA
plot, however, nor do the samples plot readily onto a clear chronological
axis. A scatter plot of CV1 vs. CV2 shows a general pattern similar to the
PCA, albeit and as expected with less overlap. The Eastern and Central
European LTPs from Federmessergruppen contexts are separated from
the LTPs derived from Brommean Late Upper Magdalenian points
fromWestern European contexts (Fig. 6). This plot again tracks a sepa-
ration based on points that aremore irregular in their outline shape and
that aremore frequentlymade out of broadﬂakes, oftenwithmoderate-
ly pronounced tangs. In our sample, these aremore prevalent in Eastern
and Central Europe. The Brommean andWestern European LTP samplesFig. 5. All specimens plotted on principal components 1 and 2. The object labelling correspond
illustrating the differing morphologies captured by the four quadrants.comprise more elongated and somewhat more symmetrical specimens
with pronounced tangs. Despite CVA's express purpose to maximize
separation between groupings deﬁned a priori, the Brommean sites do
not form a separate cluster (Fig. 7).
3. Results and discussion
Final Palaeolithic large tanged points vary substantially with little
obvious chronological or geographic structure. In other words, large
tanged points from different regions and from periods throughout the
Late Glacial fall into the same broad artefact class. A previous study by
Dev and Riede (2012) focusing on symmetry and tip angle – attributes
of signiﬁcance for projectile function – already ﬂagged up the very
large variation found among large tanged points. Using geometric mor-
phometric techniques, we here show that projectile point shape varies
strongly and that is difﬁcult to identify robust patterning within or be-
tween sites. Importantly, in our PCA, points from the eponymous
Bromme locale cluster together with the points from
Federmessergruppen contexts from not only just outside the southern
Scandinavian core area (e.g. Dohnsen and Sassenholz) but also from far-
ther aﬁeld. Likewise, surface-found Brommean points from Denmark
that were found together with arch-backed points (e.g. Lake Jels) can
similarly not be readily distinguished from either Brommean points or
from large tanged points from elsewhere.
A few specimens fall outside the main cluster, and it is possible that
these often highly irregular objects do not in fact represent large tanged
points at all. This seems especially acute in our Eastern European sam-
ple. We suggest that, in light of the substantial morphological variation
displayed by this artefact class, caution should be exercised when label-
ling a given object as a large tanged point. Finally, a slight site-speciﬁc
clustering in the observed variation – visible especially in the CVA –
may point towards idiosyncratic preferences of particular ﬂint-workers,
but we know from well-preserved workshop sites such as Trollesgave
on Zealand in easternDenmark that individual ﬂint-knappers in this pe-
riod did not follow particularly strict design schemata (Donahue and
Fischer, 2015; Fischer, 1989, 1990). Although not the focus of this
paper, the prospect that geometric morphometricsmay be able to assist
in differentiating individual ﬂint-knappers or ‘micro-traditions’ is ans to Table 2. Each principal component is further annotated with mean thin-spline shapes
Fig. 6. A. All specimens plotted on principal components 1 and 3. B. All specimens plotted on principal components 2 and 3. The object labelling corresponds to Table 2.
Fig. 7. All specimens plotted on canonical variates 1 and 2. The object labelling corresponds to Table 2.
156 K. Serwatka, F. Riede / Journal of Archaeological Science: Reports 9 (2016) 150–159
157K. Serwatka, F. Riede / Journal of Archaeological Science: Reports 9 (2016) 150–159exciting one thatwarrants further attention. Finally, rawmaterial differ-
ences may also play a role in, for instance, how regular and symmetric a
given point is. This aspect, too, remains to be investigated more fully.
An important result of this study is that Final Palaeolithic large
tanged points cannot be readily discriminated culturally. By implication,
they do not work well as diagnostic marker artefacts for the Bromme
culture or, for that matter, any of the other Final Palaeolithic
technocomplex investigated here. At the same time, a broad chronolog-
ical pattern related to this entire artefact class can be discerned: Large
tanged points begin to occur in Late Upper Magdalenian assemblages
in France and elsewhere already during the Older Dryas and Bølling
chronozones (i.e. before 14,000 cal BP – see Langlais et al., in press)
well before they appear in the Federmessergruppen on the North
European Plain and certainly prior to the emergence of the Brommean
in the very late Allerød (Fischer et al., 2013; Riede and Edinborough,
2012). Of particular importance in this discussion may be the site of
Bois-Ragot (level 5) in northwest France, dated by radiometric means
to the transition from the Older Dryas to the Bølling chronozone. Here,
large tanged points actually outnumber arch-backed elements (Chollet
and Dujardin, 2005), and in our analysis the former cluster closely
with large tanged points from the locus classicus of Bromme. These ear-
lier points from France are highly similar in shape and technologywhen
compared to the later ones occurring elsewhere in Europe (Le Licon-
Julien, 2005). Placed in a wider taxonomic framework, large tanged
points could thus be seen not as a derived but rather as an ancestral
core component of Late Upper Magdalenian assemblages and their oc-
currence in northern Europe as a time-transgressive process involving
the spread of ideas, technologies and/or people.
How then can the absence of arch-backed points in the Bromme
culture be explained? Based on ballistic considerations, it has been sug-
gested that large tanged points reﬂect the use of the spear-thrower
(Riede, 2009). Studies of the slender arch-backed (Federmesser/
Penknife) points indicate conversely that these were used as
arrowheads (Caspar and De Bie, 1996; Kabacinski et al., 2014).
The parallel occurrence of these typological elements in the
Federmessergruppen/Penknife groups can thus be read as the paral-
lel use of these weapon systems (cf. Cattelain, 1997). If we accept the
reality of the Bromme culture, then the absence of arch-backed
points could indicate the loss of bow-and-arrow technology. Alter-
natively, those sites traditionally referred to as Brommean
may in fact belong to the Federmessergruppen, representing par-
ticular cases of perhaps functionally specialised locales where
bow-and-arrow hunting was not practised or where other process-
es – including purely stochastic ones – have caused the absence of
slender arch-backed points and the relative increase of LTPs (cf.
Ammerman and Feldman, 1974; Veil, 1987). This latter suggestion
is more radical, but also more parsimonious if cultural evolutionary
taxonomic practice is followed (cf. O'Brien et al., 2008; Riede,
2011): The large tanged points of the Bromme culture are simply
not derived features and thus do not provide a ﬁrm basis for dis-
criminating this technocomplex from other Final Palaeolithic ones.
A variety of potential biases – especially the well-known ‘size effect’
(Baker, 1978; Dunnell and Simek, 1995; Odell and Cowan, 1987), but
also preferential collection, and differential classiﬁcation/conﬁrmation
bias – could have inﬂated the number of registered Brommean ﬁnds
in southern Scandinavia (Riede, 2013, in press). The precise effects of
these biases remain to be addressed empirically, however. Recall that
the majority of Brommean locales are small and often not at all or
only incompletely excavated, which further leads us to suspect the bi-
ased retrieval of larger objects. At any rate, themany large tanged points
surface-found in southern Scandinavia and elsewhere cannot – should
not – be uncritically labelled as Brommean. By extension, the practice
of labelling entire sites – often actually single ﬁnds – as ‘Brommean’,
for instance in the Danish Finds & Monuments Register (http://www.
kulturarv.dk/fundogfortidsminder/), on the basis of the presence of
large tanged points should be reviewed. Similarly, and in full agreementwith Kobusiewicz (2009a, 2009b), we advise against the use of large
tanged points as cultural marker artefact in the Central and Eastern
European Final Palaeolithic. They are an ancestral and regular even if
minor element in assemblages of Late Upper Magdalenian derivation.
It is noteworthy in this regard that the other lithic artefacts associated
with the Brommean (ﬂake/blade end-scrapers and burins) as well as
the organic tools potentially associated with it (so-called ‘Lyngby axes’
of reindeer antler and, less securely, harpoons) also occur both before
and after the age range of this technocomplex (cf. Clausen, 2004;
Cziesla and Pettitt, 2003).
4. Conclusions
Geometric morphometric analysis is a powerful tool to evaluate
shape variation and is enjoying increasing popularity among archaeolo-
gists.We have here presented theﬁrst analysis of Final Palaeolithic large
tanged points using these methods. Our aim was to resolve whether
large tanged points serve as valid diagnostic marker artefacts for the
so-called Bromme culture and similar Final Palaeolithic
technocomplexes in Europe. Sample size in our study is modest and
we have worked only with published and drawn objects rather than
digitizing original specimens. This, however, makes our analysis conser-
vative as themost presentable (and hence ‘diagnostic’) objects are usu-
ally selected for drawing. An important next step would be to expand
sample size, although extending our dataset to include morphologically
highly variable assemblages such as Ommels Hoved (Holm, 1972)
would likely further widen rather than constrain the shape envelopes
for this artefact class. It is also possible, albeit unlikely in our view,
that 3D approaches would yield substantially different results. All
these caveats remain to be evaluated by future studies.
Our analysis has not addressed possible patterned differences in raw
material use, production techniques or operational sequences. Some
have argued that Brommean points show subtle chronological trends
in bulb morphology (Fischer, 1978), but such suggestions have not
been adequately tested against absolute chronological data. This partic-
ular suggestion is based on frequency seriation using whole assem-
blages and can thus not be easily transferred to the dating of
individual objects or small poorly constrained samples of LTPs (cf.
Dunnell, 1970; O'Brien and Lyman, 1999). Yet, it is the latter that
make up the bulk of the ﬁnd material in the study region. Either way,
the current short chronology for the Bromme culturemakes such devel-
opments unlikely. Furthermore, the recent study by Damlien (2015)
strongly suggests that different knapping techniques other than plain
hard-hammer percussion and pressure technique are hard to distin-
guish with any degree of conﬁdence. Knapping practice in both the
Federmessergruppen and the Bromme culture are known to have
been variable and relatively straightforward (De Bie and Vermeersch,
1998). The two technocomplexes are difﬁcult to discriminate by tech-
nology (Madsen, 1996) and as pointed out by Eriksen (2000: 157)
‘[r]eduction strategies…display evident similarities, and some sites
and inventories may, with almost equal plausibility be attributed to a
local variant of the Bromme or the Federmesser complexes’. Future at-
tempts to split or lump the Brommean and Federmessergruppen
technocomplexes would thus be best served by a combination of
shape and technology analysis.
Mindful of these caveats we argue here that there is no systematic
chronological, intra- or inter-site shape variation within this object
class. We therefore recommend that the surface-found large tanged
points in northern Europe should not be given labels that suggest
cultural speciﬁcity (e.g. Bromme point, Lyngby point, and Teyjat
point), and that Final Palaeolithic cultural taxonomic deﬁnitions
based on large tanged points alone are treated with caution. Future
studies should increase sample size and include specimens from an
even wider geographic range to further address the question of
the cultural taxonomic validity of Final Palaeolithic large tanged
points.
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